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Summary 

A large-scale, tilt-nacelle V/STOL propulsion system, with an attitude 
control vane assembly mounted in the exhaust, was tested in the Ames 40- 
by 80-Foot Wind Tunnel. The purpose of the test was to determine the 
effectiveness of the control vane as well as the aerodynamic characteristics 
of the entire propulsion system. This report presents the results in the 
form of tabulated coefficients for both the vane forces and moments and the 
total forces and moments produced by the propulsion system. 
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Nomenclature 

fan area, 1.206 (12.98 ft^) 

nacelle angle of attack, deg 

wind axis drag coefficient, D 

qAp 

notation for Cq on tabulated data 

vane wind axis drag coefficient, IV cos a + L,, sin a 

qAp 

notation for Cn on tabulated data 
v 

thrust coefficient. T 
qAp 

notation for Cj on tabulated data 

wind axis lift coefficient, L 

qAp 

notation for C^ on tabulated data 

vane wind axis lift coefficient, L» cos a - IV sin a 
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notation for Ct v on tabulated data 

pitching-moment coefficient about the nacelle pivot axis, M 

qA F <i 

notation for Cm on tabulated data 

vane pitching moment coefficient about the nacelle pivot axis, 

M v - 2.405 L„ + 0.34 Dy 
qApd 

notation for Cmy on tabulated data 

fan diameter, 1.397 m (4.583 ft) 

total measured wind axis drag, N 

vane deflection angle, deg 

measured vane drag in nacelle body axis, N 

total gross thrust, lbs 

total measured wind axis lift, N 

measured vane lift in nacelle body axis, N 

total measured pitching moment about the nacelle pivot 

axis, 7 

measured vane pitching moment about the vane pivot axis, 7 

core engine power turbine speed, rpo 

2 

free-stream dynamic pressure, N/m 
free-stream dynamic pressure, psf 
total gross thrust, N 
free-stream velocity, knots 

free-stream velocity, m/sec 
nacelle angle of attack, deg 
vane deflection angle, deg 
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Introduction 


One possible technique for obtaining longitudinal control on tilt-nacelle 
V/STOL airplane is the use of a variable incidence vane mounted in the pro- 
pulsion system exhaust. Large forces and moments can be produced by deflect- 
ing the vane without depending on forward speed of the aircraft. A test was 
performed in the Ames 40- by 80-Foot Wind Tunnel on a large-scale, tilt-nacelle 
V/STOL propulsion system consisting of (1) the Hamilton Standard 1.4-m (55 in.) 
variable pitch Q-Fan driven by a Lycoming T55-L-11A gas generator, (2) a Boeing 
designed asymmetric inlet, and (3) a Grumman designed control vane assembly. 

The purpose of the test was to determine the effectiveness of the control vane 
as well as the aerodynamic characteristics of the entire propulsion system. 

A test of the propulsion system without the control vane assembly was made 
previously in the Ames 40- by 80-Foot Wind Tunnel (Ref. 1, 2, 3). Ref. 4 
presents an analysis of the aerodynamic effects of the control vane. Results 
of static tests of this propulsion system and control vane are available in 
Ref. 5. 

Forces and moments produced by the vane were measured by strain-gage 
balances and the total forces and moments were meas*-^ed by the wind-tunnel 
balance system. These data were reduced to coefficients based on the fan 
annulus area and fan diameter. The results are presented here in tabulated 
form along with descriptions of the propulsion system, test procedure, and 
data reduction. 


Propulsion System 

The propulsion sytem consisted of the Hamilton Standard Q-Fan, which 
is a 1.4-m (55 in.), 13-bladed, variable-pitch fan driven by a Lycoming 
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T55-L-11A, 2300 kW (3750 hp) gas turbine core engine with a bypass ratio of 
17:1. The fan was driven through a 4.75:1 gear reduction to a maximum speed 
of 3365 rpm. Additional information on the fan and core engine is available 
in Ref. 6. The inlet was an asymmetric inlet designed by the Boeing Company 
for a tilt-nacelle lift/cruise fan propulsion system, which allowed testing 
at angles of attack up to 95° without separating the inlet flow or stalling 
the fan. The cowling was designed to provide a nacelle suitable for wind- 
tunnel testing. The components of the propulsion system and its major di- 
mensions are shown in Fig. 1. A more detailed description of the propulsion 
system and inlet is available in Ref. 1. 

The attitude control vane assembly, designed by the Grumman Aerospace 
Corporation, consisted of a two-dimensional airfoil with a 0.772-m (30.4 in.) 
chord, 1.619-m (63.75 in.) span and a 10% thickness-to-chord ratio. The 
vane was supported by a boom on each end which was attached to the nacelle. 
The vane pivoted about the 45% chord station, and it incorporated a geared 
trailing edge flap pivoted about the 70% chord station. The flap was con- 
trolled by two links attached to the boom so that the flap deflection re- 
lative to the vane was equal to the vane deflection relative to the nacelle 
axis. Vane deflection was controlled by an electric actuator mounted on 
one boom. The vane was offset from the engine centerline as shown in Fig. 1. 

The nacelle was mounted approximetely 4 m (13 ft.) above the wind-tunnel 
floor on a single strut which was shielded from the wind by a fairing. The 
nacelle rotated in a horizontal plane about the strut centerline for angle- 
of-attack variation. Fig. 2 shows the propulsion system in the Ames 40- by 
80-Foot Hind Tunnel. 
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Test Procedure 


The data were acquired by varying vane deflection angle at constant 

thrust, angle of attack, and velocity. Angle of attack varied from 0° to 
o 

95 , and velocity varied to a maximum of 93 m/sec (180 knots). Vane deflec- 
tion angle varied from -30° to 30°. Gross thrust was varied up to a maximum 
of 31,600 N (7100 lb) by changing engine speed. The fan blade angle was 
held constant at 56 throughout the test. The acceptable operating limits 
of the propulsion system were determined during a previous ist (Ref. 2). 

All of the data presented here were obtained with unseparated flow in the 
inlet. 


Data Reduction 

Force and moment data obtained from the wind-tunnel balance system 

were used to compute coefficients for the total nacelle forces and moments 

2 

in the wind-axis system. The fan annulus area, 1.206 m , and fan diameter, 
1.397 m, were used for the reference area and length, respectively. The 
moment center was located on the engine centerline at the axis of rotation, 
1.928 m aft of the inlet leading edge. Thrust coefficients were computed 
from gross thrust, which was determined from the total and static pressure 
and total temperature measurements in the inlet, fan duct, and core engine 
inlet. Vane forces and moments were measured with two balances mounted at 
the attachment points of the vane to the boom. The vane flap links were 
strain gaged to provide corrections to the vane balance data. Vane co- 
efficients were computed in the wind-axis system, normalized by the fan 
area and diameter, and transferred to the nacelle moment center. The axis 
system and sign convention are shown in Fig. 3. 
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Results 


The data are presented without analysis in the form of tabulated co- 
efficients. Table 1 is an index of tabulated data presented in tables 2-33. 
Each table is for one combination of free-stream velocity and nacelle angle 
of attack. Each page of a table is a sweep of vane deflection angles af a 
nominally constant engine speed. 
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TABLE 1.- INDEX OF TABULATED DATA 


Table 

VKTS 

ALPHA 

IiL 

2 (a) 

23 

60 

9600 

(b) 

23 

60 

9600 

(c) 

23 

60 

11800 

(d) 

23 

60 

14000 

3 (a) 

23 

75 

9600 

(b) 

23 

75 

11800 

(O 

23 

75 

14000 

4 (a) 

23 

90 

9600 

(b) 

23 

90 

11800 

(c) 

23 

90 

14000 

5 (a) 

40 

45 

9600 

(b) 

40 

45 

11800 

(O 

40 

45 

14000 

6 (a) 

40 

60 

9600 

(b) 

40 

60 

11800 

(c) 

40 

60 

14000 

7 (a) 

40 

75 

9600 

(b) 

40 

75 

11800 

(c) 

40 

75 

14000 

8 (a) 

40 

95 

9600 

(b) 

40 

95 

11800 

(c) 

40 

95 

14000 

9 (a) 

60 

33 

9600 

(b) 

60 

33 

11800 

(c) 

60 

33 

14000 

10(a) 

n 

45 

9600 

(b) 

60 

45 

11800 

(c) 

60 

45 

14000 

11(a) 

60 

55 

9600 

(b) 

60 

55 

11800 

(c) 

60 

55 

14000 
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TABLE 1.- CONTINUED 


Table 

12(a) 

(b) 

(c) 

VKTS 

60 

60 

60 

ALPHA 

65 

65 

65 

9600 

11800 

14000 

13 

60 

75 

9600 

14(a) 

(b) 

(c) 

80 

80 

80 

20 

20 

20 

9600 

11800 

14000 

15(a) 

(b) 

(c) 

80 

8C 

80 

60 

60 

60 

9600 

10700 

11800 

16(a) 

(b) 

(c) 

100 

100 

100 

5 

5 

5 

9600 

11800 

14000 

17(a) 

(b) 

(c) 

(d) 

100 

100 

100 

100 

20 

20 

20 

20 

9600 

11800 

14000 

14000 

18(a) 

<b) 

(c) 

100 

100 

100 

45 

45 

45 

9600 

11800 

130G0 

19(a) 

(b) 

(c) 

100 

100 

100 

60 

60 

60 

9600 

10700 

11800 

20 

100 

75 

9600 

21(a) 

(b) 

(c) 

120 

120 

120 

0 

0 

0 

9600 

11800 

14000 

22(a) 

(b) 

(c) 

120 

120 

120 

25 

25 

25 

9600 

11600 

14000 

23(a) 

(b) 

120 

120 

51 

51 

9600 

11000 
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TABLE 1.- CONCLUDED 


Table 

VKTS 

ALPHA 

N 2 

24(a) 

140 

0 

9600 

(b) 

140 

0 

11800 

(c) 

140 

0 

14000 

25(a) 

140 

20 

9600 

(b) 

140 

20 

11800 

26(a) 

140 

33 

9600 

(b) 

140 

33 

1J jOO 

(c) 

140 

33 

11800 

(d) 

140 

33 

14000 

27(a) 

140 

45 

9600 

(b) 

140 

45 

11800 

(c) 

140 

45 

13600 

(d) 

140 

45 

13600 

28(a) 

160 

0 

9600 

(b) 

160 

0 

11800 

(c) 

160 

0 

14000 

29 

160 

20 

9600 

30(a) 

160 

45 

9600 

(b) 

160 

45 

11300 

(c) 

160 

45 

12800 

(d) 

160 

45 

14000 

31(a) 

180 

0 

9600 

(b) 

180 

0 

11800 

(c) 

180 

0 

11800 

(d) 

180 

0 

11800 

(•) 

180 

0 

14000 

32(a) 

180 

20 

9600 

(b) 

180 

20 

11800 

33 

180 

33 

9600 
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Figure 2.- Tilt-nacelle V/STOL propulsion system with control vane in the Ames 

40- by 80-Foot Wind Tunnel. 
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Figure 3.- Axis system and sign convention. 


105 



